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ABSTRACT: 
 
Crowdsourcing heritage information has enormous potential to help gather data needed to make decisions over deployment of resources 
and heritage conservation funding. Taking advantage of the rapid proliferation of mobile devices, such as phones and tablets, packed 
with sensors to record data about the real world, and the global growth of mobile app stores; reaching potential crowdsourcing 
volunteers is easier than ever before. This paper describes the design of a mobile application known as Rock Art CARE (Condition 
Assessment Risk Evaluation) to crowdsource heritage conservation data, in the context of rock art conservation. As with conservation 
efforts of any kind, accurate information is vital to make informed triage decisions over where to route effort, resources and funding. 
The Rock Art CARE application is a cross platform mobile application for crowdsourcing information about rock art carvings, where 
the collated data are stored in a central location for access by different stakeholders. The paper goes on to detail the web portal with its 
API (Application Programming Interface) and database schema, and how the collected data are passed on to policy and decision makers 
to aid in the identification and conservation of the carvings most at risk. 
 
1. INTRODUCTION 
The rapid proliferation of mobile devices in the last 10 years 
presents new opportunities in wide range of areas and offers both 
potential solutions and new risks in almost every area of society. 
Technology that has now become an everyday tool for the vast 
majority of people can be harnessed to build useful tools for 
cultural heritage conservation, education and dissemination. 
Mobile devices come equipped with an array of different sensors 
such as a camera, GPS (Global Positioning System), compass and 
accelerometer that can be utilised to collect either direct or 
indirect information about a given object or place.  
The first mobile phone to be considered what is now referred to 
as a smartphone was a prototype demonstrated at the 1992 
COMDEX computer industry trade show (Sager 2012). 
Developed by IBM, it included PDA (Personal Digital Assistant) 
features and other visionary mobile applications such as maps, 
stock reports and news. Two years later, a consumer version was 
released by BellSouth under the name Simon Personal 
Communicator. The term "smart phone" first appeared in print a 
year later describing AT&T's PhoneWriter Communicator 
(Savage 1995). Despite these early origins, the mobile device 
market did not take off as we know it today until Apple launched 
the iPhone in 2007 (Apple 2007). Driven by competition from 
Windows Mobile and Android, the market exploded with mobile 
devices becoming more prevalent. At the end of 2007, 118 
million smartphones had been sold globally (Canalys 2008); by 
the end of 2015, global sales had reached 1.4 billion units 
(Gartner 2016). 
One of the driving forces behind the usefulness of mobile devices 
is the availability of millions of apps (Anthes 2011). An app is a 
software application that often performs a specific function 
designed to be run on a mobile device. Mobile devices always 
come with several apps pre-installed; such as, a web browser, a 
calendar or email client. Apps that do not come pre-installed are 
distributed via app stores, often controlled by the operating 
system vendor. The two largest stores are Apple’s App Store and 
Google’s Play Store. Combined, they generated $2.37 billion in 
revenue in quarter two of 2016 (Statista 2016). Since launch, both 
stores have seen a combined 205 billion apps downloaded 
(Statista 2016). 
The explosion of mobile applications, along with the mobile 
devices that run them, touch most facets of human life. Apps exist 
for just about every use imaginable. The cultural heritage sector 
has embraced the proliferation of mobile devices and apps. 
Several UK institutions offer mobile apps as guides to heritage 
sites and museums. For example, the British Museum has an app 
for guiding visitors around the museum and giving them more 
information about the exhibits (Vusiem Ltd. 2016). Engaging the 
public in this way allows the museum to reach out to a younger 
generation of visitors, conveying the importance of our shared 
cultural heritage to the next generation. 
Crowdsourcing in the field of cultural heritage can take many 
forms, often completing tasks that computers currently are unable 
to achieve. This is especially true in tasks such as OCR (Optical 
Character Recognition). The Transcribe Bentham project (Causer 
and Terra 2014) is an example of the power of crowdsourcing to 
digitize and transcribe old manuscripts. Volunteers must be able 
to read unfamiliar dense handwriting, in an old-fashioned prose, 
about subjects that are not readily accessible. At the other end of 
the spectrum, crowdsourcing does not necessarily involve any 
effort on the part of those whom contribute, it can simply be 
access to resources volunteers control. SETI@home (Anderson 
et al. 2002), one of the largest computation ever undertaken, 
could be considered crowdsourcing. Users allow the SETI 
application to use their computer whilst the CPU (Central 
Processing Unit) is idle to search sections of radio telescope data 
for anomalous signals.  
 The CARE project (see section 3) built an app that sits 
somewhere between these two examples of crowdsourcing. The 
project is a collaborative effort between researchers at Newcastle 
University and Queen’s University Belfast. It relies on the efforts 
of users in the UK and Ireland to make judgement calls about the 
condition of the Neolithic and Early Bronze Age rock art carvings 
(Figure 1) and their environment. It also utilizes the technology 
inside mobile devices to make specific measurements for 
instances geographic location and panel slope. The application 
guides users through a series of questions designed to extract the 
information required to make an assessment on the triaging of the 
panel. The answers provided by the user, in conjunction with 
measurements recorded from the device sensors, are uploaded to 
a central server before being passed on to an appropriate point of 
contact in that geographic area. It is intended that volunteers 
using the app will feel part of a social effort to conserve our 
shared cultural heritage.  
 
Figure 1. Example rock art carvings at Lordenshaw in central 
Northumberland 
2. RELATED WORK 
2.1 Digital Conservation 
The entrance of mobile devices and apps into the world of 
cultural heritage is just one of many examples of technology 
being utilised for conservation purposes. Nevertheless, risks exist 
with taking up technology for technology's sake. 
 
2.1.1 Benefits and risks: Consideration of the benefits and 
risks of using a given technology on a problem is essential. Van 
Arts et al. (2015) have identified five dimensions of ‘Digital 
Conservation’: 1) data on nature, 2) data on people, 3) data 
integration and analysis, 4) communication and experience, and 
5) participatory governance. They discuss benefits and risks for 
each of these dimensions, showing how technology can be 
brought to bear on solving domain specific challenges. In the case 
of this project, the analysis of captured data is done by domain 
experts, the novice user in combination with their mobile device 
is a method of crowdsourcing rock art data via a rigorously 
designed questionnaire, supported by a detailed help section. 
Users are not involved in the interpretation of that data or the how 
the data informs conservation decisions. 
 
2.2 Crowdsourcing 
Crowdsourcing data points can be a very useful method of 
gaining insight into a problem if done with care. It is not without 
its own challenges and risks, chiefly how to verify the 
truthfulness of a contribution. Below are two approaches to 
crowdsourcing. 
 
2.2.1 Two Stage Approach: van Hooland (2006) uses a case 
study based on user comments from the National Archives of the 
Netherlands to explore these challenges in the context of the 
500,000 artefacts in its image database. The user generated 
metadata are also moderated by domain experts before being 
included for public use. This two stage approach can help 
mitigate some of the side effects of crowdsourcing, especially the 
potentially serious release of contributions that are knowingly 
untruthful. 
 
2.2.2 LandPKS: The risks of crowdsourcing of data can be 
mitigated in other ways, such as combination with other trusted 
data sources to inform a larger picture. The Land Potential 
Knowledge System (Herrick et al. 2013) combines crowdsourced 
information about land use, with public records, scientific data 
such as soil composition and meteorological conditions. The 
system is updated based on new evidence about the success or 
failure of new management systems on different soils. The 
knowledge engine, together with simple applications for mobile 
phones, facilitates more rapid and complete integration and 
dissemination of local and scientific knowledge about sustainable 
land management. 
 
2.3 Information Dissemination 
Mobile applications also are playing a large role in the 
dissemination of heritage knowledge as well as the capture of it. 
The British Museum app (Vusiem Ltd. 2016), mentioned in 
section 1, is an example of a museum using new technology to 
improve visitor experiences. Below are several examples where 
mobile devices’ sensors are utilised of information 
dissemination. 
 
2.3.1 Mobile Cultural Heritage Guide (MCHG): Using the 
GPS on a mobile device quickly filters out unnecessary 
information, showing the user only material relevant to their 
location. The MCHG developed in Amsterdam (van Aart et al. 
2010) uses GPS readings to give that user’s location a cultural 
context, composed of physical nearby locations, historic events 
that have taken place there, artworks that were created at or 
inspired by those locations and artists that have lived or worked 
there. 
 
2.3.2 Mobile Augmented Reality for Cultural Heritage 
(MARCH): is a mobile app that utilises a different sensor than 
GPS but just as prevalent – the camera. MARCH uses augmented 
reality to inform users at prehistoric cave painting sites to 
showcase their intricate detail to the visitor. The app uses 
drawings from experts to overlay imagery on the camera view to 
highlight the animal engravings, which are almost impossible to 
observe with the naked eye (Choudary et al. 2009).  
 
2.3.3 ARCHEOGUIDE: is a tool for rendering real-time 
augmented reality reconstructions of ancient ruins in Olympia, 
Greece (Vlahakis et al. 2001). It uses the GPS position of the 
user’s mobile device, its accelerometer and geomagnetic field 
sensor to compute the device orientation. Based on this positional 
information, it renders an augmented reality view on the device’s 
screen when the user is pointing it at a ruin. 
 
  
 3. PROJECT BACKGROUND 
Open-air rock art from Neolithic and Early Bronze Age periods, 
which date between 6000 and 3800 years ago, form an iconic 
feature of the prehistoric heritage in the UK and Ireland. Some 
6500 carved panels have been identified in these countries 
(Sharpe 2012). Despite their apparent permanence in the 
landscape these heritage resources are under growing pressure 
due to a range of factors such as expanding population densities, 
pollution, intensified agricultural activities, and climate change 
(Giesen et al. 2014). This has led to the deterioration of a number 
of rock art panels, which may ultimately lead to them 
disappearing all together in the not too distant future. Their 
vulnerability has not, however, influenced the implementation of 
coherent and sustained approaches for tackling their 
safeguarding.  
 
In the light of these threats, the ‘Heritage and Science: Working 
Together in the CARE of Rock Art’ (hereafter CARE) project 
was established to address two primary issues: (i) obtain a deeper 
understanding of the underpinning science essential to guide 
management approaches and decisions, especially for identifying 
panels at greatest risk and developing holistic strategies to sustain 
the long-term survival of rock art and (ii) develop a user-friendly, 
non-invasive condition assessment risk evaluation toolkit for 
gathering and organising information essential for the long-term 
conservation of open-air rock art supported by a management 
how-to-guide using a participatory approach. In essence, CARE 
employed cross-disciplinary scholarship (e.g. environmental 
science, management and resource expertise) alongside a co-
production approach, with the public, to produce a toolkit for the 
monitoring of open-air rock art (Mazel et al. in prep). 
 
The CARE monitoring toolkit involves the completion of five 
different categories of information including:  
 
1. Panel (i.e. name and number); 
2. Recorder (name and role); 
3. Environment (i.e. land use, land status, impact within 
10 metres on the rock art, and direct human and animal 
impact); 
4. Condition (i.e. cracks on the rock, the percentage 
coverage of the rock by algae, lichen and moss, surface 
instability, along with the direction, angle, height and 
condition of the motifs); and 
5. Photography (see https://rockartcare.ncl.ac.uk/). 
 
 
Although CARE focuses on Neolithic and Early Bronze Age rock 
art in the UK and Ireland, the ultimate objective is to generate a 
globally useful tool, which can be used for rock art panels around 
the world. 
 
4. CONSERVATION SCORECARD 
A CARE Scorecard, using a traffic light rating system (Figure 2), 
was created to identify rock art panels that are at risk. This triage 
approach assigns degrees of risk to rock art panels, which aid in 
decision making about their care. Immediate intervention is 
recommended when a red signal is encountered, while an amber 
signal should raise concerns and possible intervention. Guidance 
on how decision makers can responded to risks is provided via 
the CARE portal (https://rockartcare.ncl.ac.uk/). 
 
 
 
Figure 2. CARE Scorecard Ratings 
The scorecard calculates weighted values for Direct Impacts on 
panels and then on Other Risks to establish an Overall 
Assessment signal. The values come from the risk indicators 
identified in the Environment and Condition categories of the 
CARE monitoring toolkit. Direct Impacts signal values includes  
both nine possible human impacts (e.g. deturfing, field clearance, 
graffiti 
Not At Risk
At Risk
At Serious Risk
 Stage 0  
(fresh) 
Stage 1 
 
Stage 2 Stage 3 
(very worn) 
Non-direct Risks 
            
Current Land Use (0 or 1) 0 1 1 0 1 1  1 1  1 1 
Impact Within 10 Metres of Panel (0 to 
8) 
0-3 4-6 7-8 0-4 5-6 7-8  0-4 5-8  0-4 5-8 
Presence or Potential for Standing Water 
on Panel (0 or 1) 
0 0 1 0 0 1  0 1  0 1 
Cracks on Panel 
(0 or 1) 
0 0 1 0 0 1  0 1  0 1 
Maximum Panel Height (Centimetres) (0 
or 4) 
0 4 4 0 4 4  4 4  4 4 
Panel Surface Instability (0, 2, 4, or 6) 0 2 4,6 0 2 4,6  2 4,6  2 4,6 
Motif Angle (0 or 2) 0 0 2 0 0 2  0 2  0 2 
Table 1. Rational for Other Risk signal, where non-risk variables are filtered by motif condition stage. 
 <10 years, litter, ploughing/worked field, road/track, vegetation 
clearance, walking wear, and other) and four potential animal 
impacts (i.e. droppings (excluding bird droppings), rubbings, 
scratches, and other). If a panel has any direct impact (e.g. an 
impact score of 1 to 13), then the signal is red, while an impact 
score of 0 results in a green signal.  
 
The Other Risks signal is calculated by filtering non-direct risks 
against motif condition stage where Stage 2 and Stage 3 motifs 
will be either as risk or seriously at risk (Table 1). The non-direct 
risk weighting was derived from known impact on built 
structures (Warke 2010) and observations made on 78 rock art 
panels from 18 different sites across Northumberland (England), 
Dumfries & Galloway (Scotland), and Donegal (Ireland) (Giesen 
et al. in prep). The Overall Assessment signal is obtained by 
combining the Direct Impacts and Other Risks signals, where the 
signal with the greater risk takes precedence. As the report shows 
each risk variable, it is possible for managers to seek specific 
guidance on how to minimise or resolve particular risks. 
 
5. SYSTEM ARCHITECTURE 
The system is built around a webserver that acts as the gateway 
for the access and creation of reports. Figure 3 shows the system 
at a high level, with the different types of potential clients and the 
three database collections residing behind the webserver. There 
are two separate data entry pathways to add new reports to that 
database. Primarily designed to be mobile, apps for Android and 
iOS are the main entry point for public users who wish to 
contribute to the conservation of rock art carvings. In addition to 
the mobile apps, the web portal offers the same questionnaire 
processes for adding new reports. Guidance and documentation 
are available publically; however, to interact with existing 
records or create new ones, a user must register for an account 
and have a valid session. As default, the user can only view 
reports they have previously submitted. 
 
Figure 3. CARE System Architecture 
The web portal has additional functionality if the logged in user 
has admin security privileges. Admins can edit and delete reports, 
modify the access rights of other users and control the mailing 
list that decides where to send new reports when they arrive on 
the system. Stakeholder users, such as landowners or policy 
makers, can view and edit reports about rock art in their 
jurisdiction.  
 
5.1 Mobile Application 
The primary function of the mobile application is to collect the 
condition of rock art panels. To that end, the application was 
required to have the ability to collect essential metrics, whilst 
working offline – as the rock art panels may be located in areas 
of low or no internet connectivity. The application takes the form 
of an electronic questionnaire to gather information from the user 
to generate a report. This includes input fields to gather 
observations from the users. The mobile application is intended 
to ultimately be a replacement for a paper based system. 
 
5.1.1 Device Sensors: The application also utilises device 
sensors to aid the collection of accurate metrics. Location is 
retrieved at the press of a button from the GPS sensor in the 
device. Panel slope is measured using the accelerometer, and is 
measured by simply placing the device flat on the panel surface 
and pressing a button to record the orientation of the device 
whilst in position. A visual record of the panel is made using the 
device’s camera. The camera is used to build up a photographic 
archive of the location over time as different users assess the 
panel. Photographs are also needed to confirm which panel is 
being scored and help with cases of mistaken identification.  
 
5.1.2 User Workflow: The user completes the electronic form 
by filling in the text fields, selecting options from multiple-choice 
questions and retrieving metrics from device sensors. A help 
section is available to guide the user in completing the form. 
Once a report is completed, it is stored locally on the device. The 
user can then upload the report to the web application discussed 
later in section 5.2. Uploading can take place either immediately 
following the completion of a report, or later when the user has 
sufficient network connectivity. 
 
5.1.3 Cross Platform Compatibility: It was required that 
application was available across multiple platforms, namely 
Android and iOS. This had a massive impact on the approach to 
building the application as developing completely different apps 
for each different platform would be too resource intensive in 
terms of time and expertise. The Apache Cordova (Apache 
Cordova 2016) framework was used to create the application. 
Developing with Apache Cordova allowed for the creation of a 
mobile application from web technologies that could be easily 
ported to the respective platforms. Apache Cordova provides the 
bridge from the mobile web application to the devices’ GPS 
receiver, accelerometer and camera via plugins for that particular 
operating system. As shown in Figure 4, the mobile web 
application sits on top of Apache Cordova, which in turn 
connects via platform specific plugins to the underlying operating 
system, be that Android or iOS. This allows the main body of the 
codebase to be the same, across platforms, reducing complexity 
and development time. 
 
Figure 4. Apache Cordova Based Application Architecture 
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5.2 Web Application 
This section describes the constituent parts that make up the 
CARE ecosystem, its technology dependencies and the features 
that provide insight onto the collected data. As shown in Figure 
3 the application logic runs on a central webserver that 
orchestrates communication between different clients and 
persistence of data to the database. The application is built on a 
technology stack often referred to as the MEAN stack. The 
MEAN stack is a shift in thinking away from the traditional 
LAMP stack that has dominated recent web application 
development (Rouse 2008), focusing on technologies that 
support event-driven, data intensive applications that require 
highly scalable architectures. The stack is comprised of 
MongoDB as a database, Express as a web application 
framework, AngularJS as the client-side rendering framework 
and Node.js as the application server. 
 
5.2.1 MongoDB: This is the leading open source document 
database (MongoDB Inc. 2016). It stores JSON documents using 
dynamic schemas and shards automatically in order to scale 
horizontally without affecting performance. The flexible data 
model allows for the storage of any data structure and dynamic 
modification of schemas. Drivers are available for a number of 
popular programming languages for running MongoDB queries 
as well as a command line shell and a variety of user interface 
tools for different platforms. 
 
Data in MongoDB is arranged into collections, with a collection 
being documents of a similar topic. Documents often have 
identical or very similar schemas – though this is not necessarily 
required. In the CARE system, MongoDB is used as the store 
for three different collections, described in Table 2. 
 
Collection Description 
Users Stores the user profiles of everyone who 
registers to use the application as well as their 
security roles, contact details and credentials. 
Reports Stores all the reports uploaded to the server 
via the web portal or mobile apps. Images are 
not stored in the database, instead a URL to 
where the image is on disk is stored. 
Counties A list of all the UK & Ireland counties and 
municipal areas that a report can be submitted 
in. Each county also contains the contact 
details persons that receive copies of reports 
generated in that area. 
Table 2. MongoDB Collections 
 
 
5.2.2 AngularJS: A framework for creating dynamic single 
page web applications using standard HTML for templating but 
client-side JavaScript for controlling application logic, flow and 
view rendering. AngularJS is a different approach to a familiar 
problem amongst web developers, how to turn the HTML 
designed for static documents into dynamic pages. Frameworks 
such as jQuery address this by providing ways for the developer 
to manipulate the DOM (Document Object Model) after page 
render, but this does not solve the central problem; HTML was 
not designed for dynamic content.  
 
 
Instead, AngularJS seeks to use HTML as it was originally 
intended; as a markup language, rendering and view management 
is performed by AngularJS itself. One of the core principles of 
the AngularJS framework is two-way data binding with 
automatic synchronisation between model and view (AngularJS 
2016). In this setup, the model is treated as the single-source-of-
truth in the application, any changes to it update the view and any 
changes in the view cause updates to the model. 
 
5.2.3 Node.js: An asynchronous, event driven framework; 
specifically designed for scalable data intensive applications. It 
is designed not to use I/O threads; therefore, it is non-blocking. 
This is what allows it to scale so easily without the burden of 
concurrency handling being placed on the developer. The design 
of Node.js has been influenced by the likes of Event Machine for 
Ruby (lesyk 2012) and Twisted for Python (hawkowl 2016) but 
its behaviour is most like JavaScript running in the browser, the 
event loop is completely hidden from the developer. 
 
5.2.4 Express: This framework is designed to sit on top of 
Node.js and provide fundamental features of a web application 
via convenience methods that wrap up Node.js functionality as a 
powerful base for web, mobile and API development. It was 
inspired by the Sinatra framework for Ruby (lesyk 2012). 
Express ships with a minimal set of functionality to suit most 
standard web apps but supports modularisation that adds 
additional functionality, including emerging web technologies 
such as web sockets, state sharing and auto script loading (Wilson 
2016).  
 
6. GAINING INSIGHT 
6.1 Conservation Score Calculation 
When the API endpoint for creating a report is called by the 
mobile app or the website, the conservation score is calculated 
before the report is persisted in the database. A function is called 
that generates the report score. This function implements the 
scoring algorithm described in section 4. The algorithm is 
implemented in JavaScript using Node.js on the server, but 
described in pseudocode below. Upon retrieval from the 
database, the report scores are shown as a card alongside the 
report body and the report submenu. The report can been seen in 
Figure 5. 
 
SET score to 0 
 
IF currentLandUse = 'Active Military' THEN 
    score = score + 1 
ENDIF 
 
IF standingWater = true THEN 
    score = score + 1 
ENDIF 
 
IF cracks = true THEN 
    score = score + 1 
ENDIF 
 
IF maxHeight >= 50 THEN 
    score = score + 1 
ENDIF 
 
IF motifSlope >= 10 THEN 
    score = score + 1 
ENDIF 
  
FOR impact in local impacts 
    IF impact = ‘none’ THEN 
        score = score 
    ELSE 
        score = score + 1 
    ENDIF 
ENDFOR 
 
FOR human in human impacts 
    IF human = ‘none’ THEN 
        score = score 
    ELSE 
        score = score + 1 
    ENDIF 
ENDFOR 
 
FOR animal in animal impacts 
    IF animal = ‘none’ THEN 
        score = score 
    ELSE 
        score = score + 1 
    ENDIF 
ENDFOR 
 
CASE stability  OF 
    0%      : score = score 
    <25%    : score = score + 2 
    25-50%  : score = score + 4 
    >50%    : score = score + 6 
ENDCASE 
 
RETURN score 
 
 
Figure 5. Web Portal Report with Scorecard 
6.2 Searching Reports 
The reports list ranks in date order with the most recent reports 
appearing first. The primary interaction with the list is basic 
search and filter mechanisms. The search box accepts simple 
strings and matches against the report name and location. Filters 
are available to reduce the list to only those of the selected 
conservation score band. Checkboxes are used to toggle the 
display of each band, by default they are all enabled. The search 
box and filters are shown in Figure 6.  
 
 
Figure 6. Report Filtering [A = CARE Score filters, B = Free 
text search box, C = Start of search results, D = Download 
all reports as a CSV] 
 
6.3 Mapping 
Submitted reports are geo-located using the GPS position from 
the mobile device, or entered by the user on the web portal, as a 
latitude and longitude coordinate pair. This information is then 
used to place markers onto a map to give the portal administrators 
and key stakeholders a sense of the clustering of reports and 
which sites are well covered by public participation. Figure 7 
shows the map view with the information dialog open for the 
selected marker. Map markers cluster multiple reports at the same 
site. 
 
 
Figure 7. Web Portal Report Map 
 
 
 
 
 
 
 
 
 
 
A 
B 
D 
C 
 6.4 Email Notifications 
When a report arrives on the server and has been successfully 
saved into the database, the final stage is to inform the individuals 
that need to be aware of the information. A list of counties, 
districts and national parks is kept in the database with a number 
of contact email addresses for each. When the record is initially 
uploaded to the server, a reverse geocode lookup is performed 
against the OSM (Open Street Map) database using the 
coordinates or grid reference provided by the phone or the user 
directly. The OSM database returns an approximate address for 
the location provided, part of which is a county or district. This 
is then matched against the list in the CARE database, returning 
the email addresses of the individuals identified in section 7. An 
email is then sent out attaching the report information and any 
photographs uploaded along with the report. 
 
7. INFORMING POLICY & DECISION MAKERS 
While overarching legislation exists in the UK and Ireland to 
protect heritage resources, including rock art, there is no policy 
specifically aimed at this threatened resource. It is, therefore, 
incumbent on projects such as CARE to not only raise the profile 
of rock art but also to draw attention to its vulnerability in order 
to help highlight the need for its safeguarding. It should be noted 
that only a small proportion of the rock art panels known in the 
UK have been designated as Scheduled Ancient Monuments and, 
therefore, prioritised for management at a national level. 
 
For the most part, the management of rock art takes place at a 
local level via, for example, landowners, tenant farmers and land 
managers. It was appreciated that it would be near impossible to 
distribute the CARE monitoring reports to these stakeholders. It 
was, therefore, decided to distribute the reports to the appropriate 
heritage authorities in England, Northern Ireland, Republic of 
Ireland, Scotland and Wales as it is part of their remit to work 
closely with landowners and other relevant stakeholders in the 
management of open-air rock art. In the case of England, for 
example, the reports are being sent to Historic England and 
Historic Environment Records offices (identified via 
HeritageGateway; 
http://www.heritagegateway.org.uk/gateway/), which are a 
primary source of information for planning and have 
responsibilities for development-control work and heritage 
management. 
 
Reports are being sent to these authorities on the understanding 
that if a rock art panel is identified as being at risk that they will 
intervene. It is the aspiration of the CARE project that the reports, 
including the scorecard results, using the inexpensive, quick and 
effective app tool, and created through crowdsourcing, will be 
used by decision makers and heritage authorities to improve the 
management of rock art and perhaps even allow for rock art at 
the end of its life cycle to be properly recorded. 
 
8. CONCLUSION 
The completed system with its web portal and mobile device 
client applications were successfully able to take the CARE 
scorecard algorithm and create a programmatic implementation 
deployed on a webserver. This resulted in scorecards being 
calculated automatically as reports arrive from client mobile 
devices. The bespoke nature of its development allowed the app 
to be tailor made to needs of the project, ensuring it captured all 
the information needed to accurately assess the different risks 
posed to open-air rock art in the UK and Ireland. A high level of 
care and attention was given to the user experience and the 
supporting guidance documentation to ensure the app is as easy 
to use as possible; no specialist knowledge is required to use it. 
 
Informing the public about the app has been achieved through 
various means, such as using social media (Rock Art of the UK 
and Ireland), a press release (Newcastle University), and popular 
articles for the public with an interest in rock art (Mazel and 
Giesen 2017). This has created increased interest in the app and 
as of January 2018, the app has been downloaded 216 times from 
the Google Play store and 127 times from the Apple Store. 242 
users have registered accounts, submitting 38 reports. It is 
anticipated that there will be an increase in the number of reports 
submitted over the spring and summer as the weather improves 
and more people visit sites containing rock art panels. 
 
The app was made possible by the cross-disciplinary nature of 
the project team. People from disparate academic disciplines 
came together with different skills and experience to produce a 
software application that solves a specific domain problem, in 
this case, a specialised heritage resource. To the best of 
knowledge of the authors, it is the first app of its kind to assess 
the risk of rock art carvings. 
 
9. LESSONS LEARNED 
The app store business model, employed by the major vendors, 
is now matured in terms of the way apps are submitted and 
deployed – but the process of creating those apps in the first place 
continues to encounter significant development challenges. Third 
party libraries used to interact with mobile device sensors were 
found to be in an immature state, resulting in breaking changes 
between different versions. Most of the technical challenges 
encountered during the development process were related to 
either build tools or third-party libraries that performed specific 
actions on mobile devices. The code bases of both are constantly 
shifting and not always backwards compatible. This resulted in a 
lot of unexpected platform specific development that was 
projected to be avoided by using Apache Cordova. Attempting to 
pre-empt changes in library decencies is not technically feasible 
but having more stringent unit tests would help to identify issues 
earlier. 
 
The website and mobile application share a lot of functionality. 
To reduce development time and effort these two codebases 
could have been merged and developed as one application. For 
example, the validation rules for the questionnaire are identical 
across both the web portal and mobile application. The same code 
base could have been used to both reduce development time and 
reduce the potential for bugs to occur due to slight mismatches 
between the form on each platform. 
 
From the outset the developers and heritage team adopted an 
open dialogue, which involved regular meetings, to ensure the 
app and portal development process went smoothly and the end 
products were of mutual benefit. For the heritage team this meant 
listening to the developers’ professional opinions and accepting 
that although most of what they desired was possible it may not 
be as originally envisioned. This open dialogue ensured that the 
developers were patient with the overflow of ideas and technical 
heritage jargon forwarded by the heritage team. Key too was 
keeping mission creep in check; it was easy for the heritage team 
to want to ask often for one more small change. This was 
particularly challenging, as the CARE budget was small, while 
the desired products were quite grand. Nevertheless, as time and 
labour are finite resources, it was important to manage 
expectations and keep to a fair plan, which was successfully 
achieved. 
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